The sequence of events from the time of application of herbicidal concentrations of 2,4-dichlorophenoxyacetic acid until the death of the plant has been elucidated by the use of a variety of plants by numerous investigators (4, 5 and others). A number of papers concerning the action of nonherbicidal concentrations of the growth-regulator have appeared (1, 2, 6, 7) but few have endeavored to trace the changes induced by a series of nonlethal concentrations over a period of time.
Introduction
The sequence of events from the time of application of herbicidal concentrations of 2,4-dichlorophenoxyacetic acid until the death of the plant has been elucidated by the use of a variety of plants by numerous investigators (4, 5 and others) . A number of papers concerning the action of nonherbicidal concentrations of the growth-regulator have appeared (1, 2, 6, 7) but few have endeavored to trace the changes induced by a series of nonlethal concentrations over a period of time.
In the present study attempts were made to discover the effects of 50, 100, 500, and 1000 p.p.m. 2,4-D on buckwheat, Fagopyrum esculentum, variety silver hull, over a time interval of eight days. Observations and analyses for dry weight, total sugars, starch-dextrins, total nitrogen, insoluble nitrogen, and soluble nitrogen were made using plants harvested three, eight and 12 hours, one, two, four, and eight days after spraying.
Materials and methods
Buckwheat, planted in 5-inch pots in the greenhouse, was thinned to two uniform plants per pot. When treated with concentrations of ammonium 2,4-dichlorophenoxyacetate which proved to be non-lethal the plants were 12 to 14 inches high. At One hundred and twenty control plants (not sprayed) were harvested immediately after the treatment. A similar number of control and treated
Analytical methods
In the April experiment (designated as 49-1 hereafter) 2-gm. aliquots of the dry 100-mesh material were extracted in soxhlets by the procedure given in LoomIs and SHULL (3). Five-gram portions were used in the July experiment (designated as 49-2). Following invertase hydrolysis, total sugars were determined by the semi-micro method of WEINMANN (8) . The starch-dextrins fraction of the extracted residue was measured by the method of Loomis and Shull, employing fresh saliva. Aliquots of 1 gm. dry weight were used to determine total nitrogen by the standard Kjeldahl procedure. In Experiment 49-2 the powder which had been soxhlet-extracted with 70%o ethanol until nitrate-and sugar-free, was used to determine insoluble, or protein, nitrogen. The difference between total N and insoluble N was taken to represent soluble N. In all cases duplicate or triplicate determinations were made of at least two samples. Percentages are based on dry weight.
The value T/C was obtained by dividing the per cent. of a substance in the treated plants by the percentage of that substance in the control plants and multiplying the quotient by 100. In the tables this value was taken to the nearest whole number.
Results and Discussion Concentrations of 500 and 1000 p.p.m. 2,4-D may be lethal to younger buckwheat plants (10) , but the more mature plants used in these experiments were less susceptible to the chemical. Even those plants receiving 1000 p.p.m., though badly deformed, were alive eight days after spraying. Generally speaking, the response varied with the concentration used.
By the third hour after spraying the plants which had received 1000 p.p.m. 2,4-D, though turgid, had curved down to rest on their supports. Lesser concentrations caused a slight curvature of stems and curling of petioles by the 12th hour. The severity of bending and coiling increased with time in all cases. At eight days the plants receiving the various treatments formed a series from those appearing almost normal (50 p.p.m.), through increasing deformation (100 and 500 p.p.m.) to plants whose stems were bent and curled and whose petioles were contorted into corkscrew-like coils (1000 p.p.m.).
Leaves produced by a variety of sprayed plants have been reported to be narrowed and decreased in size (7) . Leaflets often are unable to sepa-rate, giving pseudosimple or semicompound leaves. The leaves produced by the buckwheat plants sprayed with 500 and 1000 p.p.m. were noticeably smaller than those produced by control plants, but there was no increase in lateral branching or in number of leaves as reported for the bean (6) . The low concentrations of 1, 5, and 10 p.p.m. 2,4-D used by GREULACH and SINGH (2) on beans, produced an increased chlorophyll content. No such increase was observed in buckwheat, in fact, judging from the lighter green color of the treated plants, a decrease in chlorophyll content occurred. There was an increase in anthocyanins in the buckwheat stems, particularly in those plants sprayed with 1000 p.p.m. 2,4-D, similar to the increase reported previously (10) .
Perhaps because of the age of the plants, no delay in opening of flower buds was evident in plants receiving 50 As depicted graphically in figure 1 , T/C values for stem and leaf dry weight, determined eight days after spraying, decreased with increasing concentration. The values for stems sprayed with 50, 100, 500, and 1000 p.p.m. were 97, 89, 68, and 62, respectively. Leaf values for the same concentrations were 93, 91, 72, and 60. A similar trend was evident in Experiment 49-2. The higher the concentration of 2,4-D used in the spray, the more easily the stems of the buckwheat snapped, suggesting that changes in the cell wall increased with concentration.
TOTAL SUGARS
The T/C values for total sugars in stems and leaves rose above 100 within three hours of treatment with 100, 500, and 1000 p. In addition to determination of total N in the dry powder, Experiment 49-2 also measured the N remaining after the powder had been extracted with 70%o ethanol until nitrate-free. The N then determined was considered (10) indicate that chemical and morphological responses of buckwheat to various concentrations of 2,4-D are similar to those reported for some other broad-leaf plants. Summary Buckwheat was sprayed with 50, 100, 500, and 1000 p.p.m. NH4(2,4-D). Observations and analyses were made three, eight, and 12 hours, one, two, four, and eight days after treatment.
Generally speaking, the effect of the chemical increased with the concentration used.
The higher the concentration, the greater were deformation, reduction in leaf area, chlorophyll content, and delay or prevention of opening of flower buds. The T/C dry-weight values decreased with increasing concentration and with time.
Total sugar T/C values in stems and leaves rose above 100 within one day after treatment but fell as low as 48 by the eighth day. In roots sugar values fell continuously. Starch-dextrin T/C values in stems fell immediately after spraying, rose within 12 hours to maxima above 100 and thereafter declined rapidly.
T/C values for total N and protein N in stems and roots increased with time and concentration. Little significant change in these values occurred in leaves.
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